ABSTRACT: A total of 53 species of juvenile fish were caught over a 2 yr study period in 2 mangrove lined estuaries in Moreton Bay, eastern subtropical Australia. Comparing juvenile fish communities among mangrove forests, seagrass beds and mudflats identified significant differences in species richness and abundances of juveniles. Seagrass communities comprised distinct species of resident and nonresident fish species of little economic importance. Mangrove forests and mudflats had many shared species (but mangrove forests were dominated by smaller or younger juveniles in greater abundances; Laegdsgaard unpubl. data). Mudflat hab~tats appear to be transition zones between juvenile and adult habitats. Only 4 species were exclusive to seagrass whereas 27 species were exclusive to the mangrove/mudflat habitat. Juveniles of 7 of the 10 commercially harvested fish species in Moreton Bay were found in greatest numbers in mangrove forests. Salinity, temperature and turbidity were similar in all habitats so could not account for differences in habitat choice of juvenlle fish. Most juvenile fish in mangroves during summer were nonresidents and species richness and abundance were highest in summer and lowest in winter There were significant differences among sites and years in the numbers of species and individuals; however, the trends were similar and demonstrated clearly that mangrove sites within Moreton Bay play a more important role and have greater potential as nursery habitats than do adjacent habitats. Preferential selection of mangrove habitats by juvenile fish, particularly commercial specles, indicates a need for conservation.
INTRODUCTION
Mangrove forests are arguably unique in their function as nurseries and support species important to the fishing industry worldwide. Many fish species enter estuaries as postlarvae and juveniles after spending the larval stage in offshore waters where the adults spawn (Bell et al. 1984 , Little et al. 1988 . While the nursery role of mangroves is widely accepted for tropical and temperate mangrove habitats in the USA, Africa and Asia (Austin 197 l, Wnght 1986 , Thayer et al. 1987 , Little et al. 1988 , Chong et al. 1990 ), few mangrove habitats in Australia have been similarly evaluated. Work in Australia has concentrated in the large mangrove forests of tropical Australia which contain the majority of the mangrove flora species (Beumer 1978 , Robertson &Duke 1987 , 1990 , Blaber et al. 1989 .
It is well established that adult and juvenile fish inhabit mangrove lined estuaries worldwide (Austin 1971 , Blaber 1980 , Yanez-Arancibia et al. 1980 ) yet few studies have evaluated the importance of mangrove habitats as nursery areas relative to adjacent habitats such as seagrass beds and mudflats that are also associated with estuarine areas. Seagrass beds are important nurseries for many species of fish and crustaceans (Middleton et al. 1984 , Blaber et al. 1992 , McNeil et al. 1992 , and in many cases species assemblages in seagrass beds differ from those in nearby sand habitats (Pollard 1984 , Ferrell & Bell 1991 , Blaber et al. 1992 . Only Robertson & Duke (1987) and Thayer et al. (1987) have undertaken meaningful comparisons of mangroves and proximal habitats, the former finding that mangroves in a north Queensland (Australia) estuary contained 4 to 10 times more fish than adjacent seagrass beds, whilst the latter recorded up to 32 times more fish in prop root environments than in surrounding seagrass habitats.
Bell et a1 (1984) and Potter et al. (1.983) have indicated the potential of temperate mangrove habitats as nursery areas for juvenile fish, but compansons among adjacent habitats have not been made In temperate or subtropical estuaries, and it is not possible to relate findings from tropical mangrove areas due to differences in environment and community composition (Cain & Dean 1976 , Thayer et al. 1987 , Little et al. 1988 , Chong et al. 1990 ). In general, temperate and subtropical mangrove systems harbour fewer species than tropical systems (Stephenson & Dredge 1976 , Quinn 1980 , Thayer et al. 1987 , Morton 1990 Mangroves in the tropical north and temperate western and eastern regions of Australia have been shown to be valuable nursery areas for juvenile fish and crustaceans (Blaber 1980 , Quinn 1980 , Bell et al. 1984 , Blaber et al. 1985 , Robertson & Duke 1987 , Loneragan & Potter 1990 ), but the nursery value of subtropical ones has received little attention despite the increasing rate of development in these areas (Hyland & Butler 1988) . Reclamation and destruction of wetlands in Australia can be expected to lead to declines in associated fisheries as has already occurred in Asia (Field & Dartno11 1987) .
This study evaluates mangrove areas within Moreton Bay, subtropical eastern Australia, as nursery sites for juvenile fish. Mangrove habitats are compared with adjacent seagrass and mudflat habitats, giving particular attention to species associated with nearby fisheries. Moreton Bay is a large, protected bay adjacent to a capital city (population 1.3 million), and sustains one of the most important fisheries resources of Queensland. The fishery produces 10 % of the State's total volume of seafood, accounts for 33% of the recreational effort in the State, and the commercial catch alone generates A$6 million at the retail level (Quinn 1993) . However, substantial amounts (19°,;8) of mangrove habitat in the bay have already been reclaimed for development (Hyland & Butler 19881 , and in the face of increasing demand for real estate, the importance and uniqueness of the nursery function of these areas needs to be defined. Bay, South East Queensland, Australia (Fig. 1 ) . The Deception Bay site is a fisheries habitat reserve but is subject to local recreational flshing. Fisherman Island, situated at the mouth of the Brlsbane River, is the site of the Port of Brisbane and is a major industrial area.
MATERIALS AND METHODS

Study
Both sites support extensive stands of mangrove forest dominated by the grey mangrove Avicennla marina. The forests consist of mature trees up to 10 m in height and abundant younger trees up to 5 m in height. Algae and pneumatophores approximately 10 cm hlgh cover the forest floor keeping the muddy substratum firm. Pneumatophores and algae extend in a 5 to 6 m wide fringe beyond the line of the mangrove forest. The substratum of the extensive mudflats consist of a mixture of coarse grained sand and fine grained mud. Seagrass beds are dominated by Zostera capricorni or Halophila ovalis, but mixed stands of sev-era1 species can occur. In this study, samples were taken from Z. capricorni beds where blades were long and densely packed.
Tidal ranges are 0.1 to 2.5 m during a full monthly tidal cycle, and at low tide the forests drain completely and seagrass beds and mudflats become completely exposed. The forest at Deception Bay is broken by a large creek approximately 4 m wide which does not empty completely at low tide but is separated from the main body of water by a large sand bank.
Fish collection. Juvenile fish were distinguished on the basis of size, colouration and shape (given allometric changes in morphology with ontogenetic development) and were sampled on mudflats, in seagrass beds and amongst pneumatophores along the fringe of the mangrove forest using a pocket seine net (6 X 1.5 m, 1 mm mesh size). The appropriate length of tow to optimise the number of species caught was determined from rarefaction curves (Fig. 2) , which indicated that a tow of 20 paces was sufficient for each habitat. On each sampling occasion, 4 replicate seines were taken in each of the 3 habitats at both sites.
Juvenile fish in the mangrove forests (as distinct from the pneumatophore fringe) were sampled using trap nets (8 X 2 m, 1 mm mesh size) since it was not possible to seine through densely packed trees. At peak high tide, trap nets were set at the mouths of small tidal creeks draining the mangrove forest and left to catch fauna being swept out with the receding tide. Traps were emptied once the tide had ebbed. On each sampling occasion 4 replicate trap nets were set at each site. The area sampled by the trap nets was greater than that sampled by the seine net, and since it was not possible to get an exact measurement of this area, direct comparisons between seine and trap net samples were not possible.
Sampling was conducted on the peak monthly high tides corresponding to the full moon. Traps were set during the midmorning high tides and seine samples usually collected on the outgoing tide of the same day. When possible the 2 sites were sampled on consecutive days. Captured juvenile and postlarval fish were preserved in 10 % formalin/seawater solution.
Temperature, salinity and secchi depths were recorded in each habitat on each sampling occasion. Monthly rainfall data for the study period was provided by the Australian Bureau of Meteorology.
Analysis. Total abundances: Total abundances of all species pooled were analysed for yearly and seasonal differences (fixed effects) and between habitats (fixed effect) and sites (random effect) using a 4-way mixed model analysis of variance (ANOVA). Data were log transformed to stabilise variances. Due to differences in the sampling techniques, data from seine and trap nets were analysed separately. T Diversity: Shannon-Wiener indices were calculated for each season/site/habitat con~bination. Total abundances, pooling all replicates, were used and trap net and seine samples were treated separately.
Classification using binary data: Cochran's test, cluster analysis using Czechanowski's index (equivalent to the Bray-Curtis index with binary data) and multidimensional scaling (MDS) were used to conlpare among sites, seasons and habitats on the basis of presence or absence of species. Data from both seine and trap net samples were included in these analyses.
Classification using abundance data: To enable comparisons of seine and trap net data, which represent sampllng of vastly different areas, it was necessary to standardise data to a sample size of 1000. Differences among site, year, season and habitat were then analysed with cluster analysis and MDS based on Bray-Curtis dissimilarities using the unweighted pair group mean arithmetic (UPGMA) sorting strategy. These analyses were also undertaken on unstandardised data from seine samples.
MANOVA: Data standardised to a sample size of 1000 and including trap net samples were analysed using multivariate analysis of variance (MANOVA). Rare and resident species were excluded from the data set. Rare species were those for which c 10 individuals were collected during the entire 2 yr study. Resident species are those that breed within tb.at habitat and occur in the habitat year round as both adults and juveniles. A total of 21 species were included in the analysis.
Data were double square-root transformed to prevent abundant species from dominating the analysis. This was done to allow less abundant species that may be more habitat specific to contribute equally to the analysis. To reduce dimensionality of the data, a principle components analysis (PCA) was conducted and the first 13 principle components, describing 95% of the total variation, were used in a 4-way mixed model factorial MANOVA where site (random), year (fixed), season (fixed) and habitat (fixed) were the main effects. As recommended by Johnson & Field (1993), Pillai's statistic was used to determine significance, data were also examined by Canonical Discriminant Analysis (CDA) and 95 % confidence ellipsoids calculated around centroids in reduced space. CDA conducted thls way may be viewed as a graphical form of MANOVA (Johnson & Field 1993) .
RESULTS
Physical conditions
Differences in temperature, salinity and turbidity among habitats within sites were minimal (Table 1) . Temperature varied strongly with season, rising to summer maxima of 27°C in 1991/92 and 29°C in 1992/93 with winter minima of 17°C in both years. Salinity varied between sites with a larger range evident at Fisherman Island (24 to 35%) than at Deception Bay (31 to 36%).
Rainfall was much higher during summer and autumn of 1991/92 than at any other time during the study (Fig. 3) . Total rainfall during the 1991/92 summer (December-February) was 740.2 mm compared to 315 8 mm for the 1992/93 summer. Community structure and seasonality
Total abundances
A total of 23 630 juvenile fish were caught at Deception Bay while Fisherman Island yielded 40442 individuals over the study period. In general, mean monthly catches in the mangrove and seagrass habitats at Fisherman Island were greater than at Deception Bay, except in winter when catches were uniformly low (Fig. 4a, b, d ). There was a substantial difference between fish abundances in 1991/92 and 1992/93 in both seagrass and mangrove habitats at Fisherman Island. Catches in the mangroves were Peak mean abundances in the mangrove habitat occurred in the summer months of December and January (Fig. 4a, b) with lows in winter during July. The mudflat habltat yielded peak catches in November and December, but a second peak in May occurred in 1992 (Fig. 4c) . Peak abundances in the seagrass habitat were recorded in the late summer months of January and February and poorest catches were in the winter months of June and July. Fish were present year round in the seagrass habitat and were more abundant in this habitat than in mangroves or on mudflats during winter (Fig. 4d) . The clear seasonal pattern of fish abundance exhibited in the seagrass and mangrove habitats of Fisherman Island were 1 less pronounced at the Deception Bay site (Fig. 4) . These patterns yielded a significant 700 -
the analysis of data from seine nets (4-way ANOVA, F = 3.08, df = 6, p < 0.007). At Fisherman Island, the number of species in vegetated habitats reached a maximum during summer (seagrass) or autumn (mangroves), and decreased during winter (Fig. 5a, b, d ) . In contrast, there was no clear seasonal pattern in the mudflat habitat between the 2 years although a greater number of species were caught in the second year (Fig. 5c ). Species richness was consistently higher in the mangrove habitat than in seagrass or mudflat areas.
Species richness
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Trends at Deception Bay were not as clear. The number of species caught in the seagrass habitat showed the most distinct seasonal pattern, belng an increase in species richness in summer accon~panied by a decrease In winter in both years, similar to that at Fisherman Island (Fig. 5d) . The mudflat habitat showed no seasonal pattern with similar numbers of species being caught throughout the study period (Fig. 5c ). Both seine and trap net data for the mangrove habitat indicated that slightly fewer species were caught in 1991/92 than 1992/93 but in the second year there was a n autumnal increase in species richness similar to the pattern for Fisherman Island (Fig. 5a, b) .
A greater number of species were caught in mangrove habitats at Fisherman Island than at Deception Bay (Fig 5a, b) . In all habitats at both sites the percentage of nonresident species in the population increased markedly during the summer months to outnumber residents by approximately 2:l ( Cluster analysis and MDS on standardised abundances (data from both seine and trap net samples) of species in each habitat/site/season combination showed that seagrass communities are clearly distinct from the others, and there is reasonable distinction among mangrove and mudflat communities (Fig. 6) . Species assemblages In terms of presence/absence of species were significantly different among habitats (Cochran's test, t = 36.1, df = 5, p < 0.001), with the seagrass community being significantly different to the others, but differences among mangroves and mudflats were not significant. Czechanowski's index gave comparable results.
Seagrass communities at Deception Bay were clearly separated from those at Fisherman Island (Fig. 6 ), and the difference in terms of species presence/absence was significant (Cochran's test, t = 6.4, df = 1, p < 0.01). The 2 sites within the mudflat and mangrove habitats show a degree of overlap (Fig. 6 ) and species assemblages did not differ significantly between sites.
The MANOVA on standardised data (data from both seine and trap net samples) showed a significant site X habitat X year X season interaction (F= 3.81, df = 78, p < 0.0001) and the CDA demonstrated the nature of this interaction (Fig. 7 ) . During 1991/92 the fish assemblages in mangroves and seagrass were distinct from each other, regardless of site or season. Th.e fish on mudflats were more similar in community composition to those in seagrass in winter than to any other habitatheason combination. In mangroves and seagrass beds there were differences depending on site and season whereas the community composition of fish on mudflats was similar at both sites in all seasons. The pattern in 1992/93 demonstrated some vanations on the pattern just described; mangrove communities remained distinct to those in other habitats at Fisherman Island and showed similarities to summer mudflat communities at Deception Bay. A clear seasonal shift was evident in the mangrove habitat, that was notably similar between sites. Also, mudflat and seagrass communities were more similar to each other than in the previo.us year. Seasonal differences were small on the mudflats at Fisherman Island and in seagrass beds at Deception Bay in 1992/93.
Site and habitat specificity
A total of 53 species of juvenile fish were captured in the 2 yr study period (Table 3 ). The 28 dominant species are important to the fishing industry as either commercial catch, bait fish or recreational fishing (Table 3) and of these 21 were nonresidents, occurring only as juveniles in the 4 habitats. There were 9 site-specific species, 6 found only at Fisherman Island and 3 found exclusively at Deception Bay. A total of 23 species occurred to some extent in all 4 habitats. In general, there were greater overlaps in species distributions between mangroves and mudflats than other habitat combinations. Overall, 27 of the total 53 species and 17 of the 28 dominant species occurred exclusively in mangroves andlor mudflats, with another 9 much more common in mangroves and on mudflats than in seagrass (Table 3 ). The 3 species of whiting, Sillago maculata, S. ciliata and S. analis, were the most abundant species present during the study and were exclusive to mudflats and mangroves. Two species were exclusive to the mudflats (Table 4 ) , the rare tongue sole Paraplagusia guttata and the abundant dragonet Callionymus calcaratus. The mangrove habitat contained a total of 14 species unique to the habitat, but the majority of these were rare (Table 4 ) although the longtom Tylosurus sp. occurred commonly. Tailor Pomatomus saltator were also common but specific to Deception Bay. Fisherman Island also had 4 site-specific mangrove species, 3 of which were common, namely flounder Pseudorhombus jenynsii and the scats Selenotoca multifasciata and Scatophagus argus. In total, 7 species were specific to (Fig. 8) . Stolephorus carpentariae and Mugil georgii show an autumn peak in abundance in the mangrove habitat at Fisherman Island whilst in other habitats these species have relatively even seasonal abundances (Fig. 8) . M. georgii was habitat specific to mangroves at Fisherman Island but occurred in all habitats at Deception Bay; its abundances were, in general, lower at Deception Bay and an autumn peak was not evident (Fig. 9) . At Deception Bay S. carpentariae had an autumn peak in the mangrove habitat in 1991/92 and a summer and autumn peak in 1992/93 (Fig. 9) (Fig. 9) . At Fisherman Island only 1 notable peak and autumn at Deception Bay and during spring, sumoccurred, In the 1991/92 summer (Fig. 8) . Atherj- Fig. 8 . Mean seasonal abundances + 1 SE for the 10 most abundant species at Fisherman Island that were not restricted to 1 habitat. Diagonal lines-seagrass; solid: mudflat; cross hatch: pneumatophores; empty: mangrove forest nomorus ogilbyz was most common on mudflats and mangroves and was present throughout the study at Decept~on Bay except in summer (Fig '9) . However, abundances of this species at Fisherrnan Island were high only in spring 1992/92 (Fig. 8) .
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Sillago spp. occurred in similar total abundances at both sites, but were not caught in the seagrass habitat at either site (Figs. 8 & 9 ). Abundances were greater in the mangrove habitats and a summer peak was observed in 1992/93 only. Abundances were low in the winters of both years (Figs. 8 & 9) .
Monacanth us chinensis, Acanthopagrus a ustralis and
Siganus spinus were more abundant at Deception Bay than Fisherman Island. S. spinus was specific to seagrass, M. chinensis to seagrass a.nd mangroves while A. australis occurred in all habitats but was more abundant in mangroves. S. spinus had summer peaks in abundance at both sites whilst A. australis and M. chinensis had autumn peaks especially in the mangrove habitats at Fisherman Island, this peak was not evident at Deception Bay.
Centropogon australis appeared throughout the 2 yr with peaks in abundance at Fisherman Island during summer and lows in winter. At Deception Bay abundances were fairly even across the year except for a drop in winter.
Pelates quadrilineatus was encountered in all 3 habitats, and it was the most abundant fish in seagrass beds. Individuals of this species were present year around as juveniles but peaked in summer and autumn at both sites.
DISCUSSION
Estuaries worldwide have been linked with the larval and juvenile stages of marine organisms, particularly of those species important to fisheries. However, Fig. 9 . Mean seasonal abundances + l SE for the 10 most abundant species at Deception Bay that were not restricted to 1 habitat. Diagonal lines: seagrass; solid: mudflat; cross hatch: pneumatophores; empty: mangrove forest details of between-habitat differences in this nursery role have usually not been explored. The distinct habitats within an estuary may well form distinct communities of juvenile fish in terms of species richness, abundance and the number of species of commercial significance. In the few cases where habitats have been compared, distinct habitat-specific communities have been identified (Robertson & Duke 1987 , Morton 1990 . Moreover, it appears that habitats are not equal in species richness and abundance, with vegetated substrata being superior (Miller & Guillory 1980 , Talbot & Able 1984 , McIvor & Odum 1986 , Sogard & Able 1991 .
With the increasing rate of destruction of natural estuarine habitats for real estate, it is necessary to establish these differences to prioritise management options and conservation practices to ensure sustainability of estuarine systems and their valuable fisheries resources.
Habitat comparison
At the sites studied here, in subtropical eastern Australia, fish species formed distinct communities within seagrass, mudflat and mangroves habitats, with between habitat differences being especially prominent during summer months. Also, mangrove habitats harboured twice as many species of juvenile fish than in adjacent seagrass and mudflat areas.
The seagrass habitats at Fisherman Island and Deception Bay were dominated by small resident species and juveniles of nonresident species that are of little economic importance. This result supports earlier work in other Australian estuaries (Middleton et al. 1984 , Pollard 1984 , Blaber et al. 1992 , that seagrass beds, in general, are far more important as nursery areas for commercial crustacean species than for fishes. Seagrass habitats play a nursery function for fishes but compared to the gross abundance of juve-niles and number of economically important species that occur in mangrove forests, their nursery importance is diminished.
The mudflat habitat of Fisherman Island and Deception Bay showed little or no seasonal pattern throughout the study and contained many of the same species that occurred in the mangrove forests and seagrass beds. Only 1 species, Callionymus calcaratus, was entirely mudflat specific. As found in other estuaries, most fish may occupy the mudflat as a transient habitat during each tidal cycle (Chong et al. 1990 ) so that the type and number of species found depend on the height of the tide. The mudflat is likely to be particularly utilised as the tide recedes, as fish move into other habitats at low tide when the mangrove habitat is unavailable.
During high tide many species were utilising both the mudflat and mangrove forest environment, however fish on the mudflats were generally larger than the same species in the mangroves (Laegdsgaard & Johnson unpubl.). The mudflats may therefore represent a transition from the juvenile nursery habitat to the adult offshore habitat with ontogenetic growth. It has been demonstrated that juveniles grow rapidly in mangrove estuaries compared to other inshore marine habitats (Pinto 1988) , and with increased size move on to different habitats.
The mangrove forest is only available as a nursery at high tide twice a day and at low tide the juveniles must reside elsewhere. It has been suggested that juveniles may take advantage of submerged aquatic vegetation during this time as observed in salt marsh communities (Rozas & Odum 1987) . At Deception Bay, the large creek running through the mangroves has much submerged vegetation and many of the juveniles could seek refuge here at low tide. This creek has the added advantage of being separated at low tide from the main water body but is never completely dry, thus providing a shallow sheltered habitat during low tide. At Fisherman Island small fish were observed in the shallows at low tide and presumably did not venture into the deeper waters of the shipping channel. At Fisherman Island there are dlso subticid1 weed beds Lhdt rrldy be utilised for cover The question of the habitat utilisation of juvenile fish at low tide requires further research..
Community structure
The total of 53 species of juvenile fish caught at the 2 sites in Moreton Bay is slightly lower than species richness reported for other sites in the region (65 specles, Serpentine Creek, Stephenson & Dredge 1976) and in other subtropical estuaries (64 species, South Florida; Thayer et al. 1987) . Overall, species r~chness is much lower than in tropical estuaries which harbour 2 to 3 times more species (e.g. Papua New Guinea, Liem & Halnes 1977; North Queensland, Robertson & Duke 1990; Philippines, Pinto 1988) .
Although they support fewer species, subtropical mangrove systems yield a higher proportion of species of commercial value (Bell et al. 1984 , Claridge et al. 1986 , Morton 1990 ). This was evident at the 2 sites in Moreton Bay where 71 % of the most abundant species are of economic importance. The majority of the economically important species occurred in the mangrove forests with relatively few found in seagrass beds. It appears that seagrass beds worldwide harbour few economically important fish species (Heck & Thoman 1984 , Pollard 1984 , Blaber et al. 1992 . Of the 10 fish species harvested commercially in Moreton Bay, mullet, bream, summer whiting, winter whiting, tailor, flathead and gar appear to be dependent on the mangrove forests in that spawning of these species occurs in deeper water and early juveniles move into shallow mangrove areas, but not into other habitats. They utilise other habitats only when they become large enough to begin migration to the adult habitat.
Deception Bay and Fisherman Island are separated in Moreton Bay by approximately 40 km, and significant differences in community structure were evident between the sites. Fisherman Island had a greater species richness overall and twice the overall abundance of Deception Bay. The greatest differences were between the seagrass habitats at the 2 sites; species richness at Fisherman Island was greater than Deception Bay throughout the study whereas in the other habitats differences were dependent on season. Species richness in seagrass beds has been positively correlated with water depth and blade height (Blaber et al. 1992 ) and this may explain in part the greater species richness at Fisherman Island. Although the site is an area of increased industrial activity and is moderately polluted, mangrove forests are abundant and the biomass of Avicennia marina in the area is similar to that of communities elsewhere (Mackey 1993 ). The aediments hdve been shown to be nutrient enriched (Mackey et al. 1992 ) and this may have some effect on the number of juveniles at this site.
Differences in community assemblages among sites that are separated even by short d~stances have been reported elsewhere, and the magnitude of the dissimilarity may vary from year to year (Robertson & Duke 1987 , Loneragan & Potter 1990 . Since transport in the early stages of a fish's life is dependent on prevailing current and wind conditions, it is not surprising that among-site differences are particularly common for species with planktonic larvae (McNeil et al. 1992) . Year to year differences can reflect differential recruit-ment patterns and spawning success of the adult population~. In this study, total catches at Fisherman Island increased markedly in the second year. A possible explanation is that rainfall in 1991/92 was particularly high, as evidenced by the appearance of freshwater species such as Gambusia affinis at Fisherman Island. Deception Bay received less rain during 1991/92 and as a consequence the catches for the 2 years at this site were similar
Seasonality
The seagrass habitat at Deception Bay showed little in the way of seasonal change in abundance which may have been due to the abundance of Pelates quadrilineatus year around. Fish abundances in the mangrove habitat however, along with mangrove and seagrass habitats at Fisherman Island, were highly seasonal with peaks in summer and lows in winter. Species richness in all habitats at both sites also demonstrated peaks in summer and lows in winter. Other estuarine areas have shown similar seasonality in abundance and species richness (Cain & Dean 1976 , Livingston 1976 , Beckley 1984 , Claridge et al. 1986 ).
Many fish species spawn during spring, whlch coincides with the influx of postlarvae and juveniles into estuarine areas in late springhummer after their planktonic phase. It is not clear why postlarvae and juveniles move into estuaries but it has been demonstrated that they show preference for sheltered, shallow habitat (Russell & Garrett 1983 , Lenanton & Potter 1987 . This influx of juvenile fish at Deception Bay and Fisherman Island during summer increased the ratio of nonresident species to resident species from 1:l to 2:l. By winter most species had vacated the estuaries and the number of resident and nonresident species became approximately equal. The nonresident species that remain throughout the winter have either a later spawning sea.son, are capable of multiple spawnings or are those yet to leave from the summer peak.
Importance of physical factors
It remains unclear why juveniles of so many fish species prefer mangrove forests over adjacent habitats. Odour, temperature, salinity, turbidity and pH can act as attractants for late stage larvae, and these larvae can exercise choice in riding favourable currents to nursery areas (Boehlert & Mundy 1988 , Miller 1988 . Clear relationships between turbidity and distributions have been demonstrated, with juvenile fish showing preference for turbid waters (Cyrus & Blaber 1987) . In Moreton Bay, turbidity has been shown to be highest during summer and an important factor in attracting fish to Deception Bay as opposed to the eastern side of Moreton Bay where turbidity is much lower (Blaber & Blaber 1980) . However, within the estuaries studied here, turbidity, salinity and temperature did not vary greatly among mudflats, seagrass or mangroves at either site. Other factors must therefore be responsible for differences in the types of juvenile fish present and their abundance within estuaries. There are many hypotheses as to what these factors might be, such as food availability and/or decreased predation risk, which are the subject of current investigation (Laegdsgaard & Johnson unpubl.).
CONCLUSIONS
It is clear that the mangrove forests of Deception Bay and Fisherman Island are important nurseries for many of the commercially harvested fish of Moreton Bay. The limited function of seagrass beds as nursery sites for fish is insignificant when compared to the importance of mangroves. While variability among sites and years occurred, trends were similar and indicated the importance of mangrove forest sites within Moreton Bay as nursery areas. Since the majority of juveniles in mangroves are of economically important species, and that they appear to preferentially inhabit mangrove forests, these habitats must be conserved to ensure the continued viability of fisheries resources in Moreton Bay.
